To estimate the prevalence of childhood and adolescent obesity in Cyprus and define possible associated risk factors. STUDY DESIGN: Cross-sectional study of a representative sample of children 6 -17 y of age performed during October 1999 to June 2000. METHODS: Anthropometric data were taken using standard methods, from 2467 children. Certain diet and physical activities as well as other socioeconomic family parameters were assessed with the aid of a questionnaire. Obesity and overweight were defined using both the National Health and Nutrition Examination Survey (NHANES) I definition and the newer International Obesity Task Force (IOTF) definition. Logistic regression analyses were performed to estimate the influence of various parameters. RESULTS: The prevalence of obesity in males was 10.3% and in females 9.1% using the NHANES I definition and 6.9 and 5.7%, respectively, using the IOTF definition. The percentages presented a decreasing trend with age. There were an additional 16.9% of males and 13.1% of females defined as overweight with the NHANES I definition and 18.8 and 17.0%, respectively, using the IOTF definition. The most significant associated factor for obesity was parental obesity status. The odds ratio for offspring obesity when both parents were obese ranged from 11.34 (95% CI 1.83 -75.50) in females 6 to 11-y-old to 18.09 (95% CI 2.06 -158.81) for males 12 to 17-y-old. CONCLUSIONS: The prevalence of childhood and adolescent obesity was estimated for the first time in a representative sample from Cyprus, and this rate is comparable to that observed in North America. These results indicate the need for individual and population measures for the treatment and prevention of pediatric obesity. The rate of obesity differs significantly depending on the method of estimation.
Introduction
The prevalence of obesity in children has increased significantly in developed countries, 1 -4 but also, although less rapidly, in developing ones. 5 This trend is of major concern given the consequences that are associated with childhood obesity both during childhood 6, 7 and adult life. 8, 9 Cyprus is a small island country in the eastern Mediterranean Sea. The island has experienced a dramatic cultural transition during the past four decades, which continued despite the catastrophe due to the Turkish invasion in 1974, and the military occupation of the 37% of the country's land. Data on the prevalence of pediatric obesity in Cyprus are scarce. A large-scale cross-sectional study performed in 1998 indicated that the percentage of children aged 11 -12, with a body mass index (BMI) over the 95th percentile was 15.6% in boys and 11.9% in girls according to Greek-origin cut-offs. The study also demonstrated, that there was a significant increase in triceps skinfold thickness in children aged 11 -12 in a period of 8 y. 10 However, no consistent data exist so far in relation to a wide age range nor in associated factors.
A fundamental step in the prevention and treatment of obesity is the identification of factors implicated in the rapid increase in the prevalence of pediatric obesity. Since the gene pool has not changed during the last few decades, this increase reflects, apparently, environmental factors. 11 The purpose of this study was therefore the estimation of the prevalence of obesity in Cypriot children and adolescents 6 -17 y of age in a cross-sectional survey. Secondly the definition of possible associated demographic and other environmental and socioeconomic factors was attempted.
Subjects and methods
The present study is part of a larger cross-sectional survey that was performed in Cyprus during school year 1999 -2000 (October 1999 to June 2000), which was designed to estimate the prevalence of obesity in children and adolescents in Cyprus. It was also intented to examine possible associated environmental factors and finally the construction of percentile curves for certain anthropometric variables and indices such as weight, height, body mass index (BMI) and skinfold thicknesses.
The Research and Education Foundation of Child Health (REFCH), a preventive foundation that screens children for chronic disease risk factors, and guides them and their families in correcting them by lifestyle modifications, undertook the survey.
Sample selection
The survey took place in public elementary and secondary schools in Cyprus. The percentage of children attending public elementary schools was 96% during the 1999 -2000 school year and those attending public secondary schools was over 90% (Statistical Service of the Republic of Cyprus, personal communication). A representative sample was selected with the aid of the Statistical Service of the Ministry of Finance in Cyprus. The selection was based on the distribution of the total population in the island with respect to district and area of residence. A multistage sampling procedure was used. Classes per grade of elementary and secondary schools in each district were assigned consecutive numbers from which classes were randomly selected. A total of 136 classes from 98 out of 409 elementary schools were selected, that is 24% of the elementary schools were included in the study. A total of 135 classes from 70 secondary out of a total of 95, that is participation of 73%, were selected (secondary schools are larger and thus less numerous than elementary ones). The number of children per selected class was 6 -12, depending on the size of the districts, so as to allow the selection of numerous classes, thus allowing the inclusion of children from a wide range of socioeconomic status. It was estimated that 2357 children 6 -17 y of age (that is about 2% of the population of that age) would satisfy the needs of the survey. The sample was increased to 2600 to compensate for possible nonparticipation (the participation rate from previous surveys performed by the REFCH was 90 -95%). Students were randomly selected from every class.
Data collection
The University of Crete, Greece, approved the protocol of the study. The ministry of Education and Culture of Cyprus approved the performance of the survey in the selected schools.
The survey was based on a questionnaire sent home prior to evaluation and collection of anthropometric data from participating children. The questionnaire included a cover letter explaining the purpose of the survey and asked for written consent for participation of their child. The questionnaire consisted of three sections. A general section concerned family data such as household size, number of children in household, and family income. A parent's section concerning age, weight and height, level of education and current occupation, smoking habits and specific questions in relation to specific chronic diseases for both parents. Finally, the child's section followed which included general health and specific health problem inquiries, birth weight, height and gestational age, feeding practices during infancy, current food consumption frequency, and time spent in sedentary and physical activities. The whole questionnaire was completed by either the parent(s) alone in the case of younger children or with the aid of the subjects in the case of children attending secondary schools.
Anthropometry
Two groups of trained investigators of REFCH performed the survey. Among other measurements weight and height were obtained from every child who participated in the survey. Briefly, weight (in kg) was measured after breakfast with a portable scale without shoes, with the child in light clothing. Children were asked to void before they were weighed. Height (0.1 cm) was measured with a portable stadiometer at the standing position. The portable scale and stadiometer were calibrated daily. Body mass index was calculated using the formula weight=height 2 (kg=m 2 ).
Obesity definition
The definition of obesity in the subjects of the study was based on the recommendations of the Expert Committee on the obesity evaluation and treatment of the American Academy of Pediatrics (AAP), 12 although many countries use several indexes (such as BMI, ponderal, weight-for-height, skinfold thickness) and cut-off points (such as 85th, 95th or 97th percentiles). 13 The Expert Committee of AAP proposed that children and adolescents with a BMI above the 95th percentile should be defined as obese. 12 Two sets of cut-offs were used for the definition of overweight and obese children. First the National Health and Nutrition Examination Survey I data (NHANES I definition).
14 Using these data subjects with a BMI > 95th percentile were defined as obese and a subject with a BMI value between the 85th and 95th percentiles were defined as overweight. Secondly, the International Obesity Task Force Parental obesity status Self-reported data on weight and height of parents were used to calculate parents' BMI to define obesity status. Although self-reported data is not the ideal way to calculate one's BMI since there is a tendency to overestimate height and underestimate weight, 16 the sensitivity and specificity for determining obesity (BMI ! 30 kg=m 2 ) was 83 and 96%, respectively, for men and 89 and 97%, respectively, for women. 17 Nevertheless, a parent with a BMI ! 30 kg=m 2 , calculated from self-reported weight and height, was defined as obese and one whose BMI was between 25 and 30 kg=m 2 was defined as overweight.
Physical and sedentary activities
Physical activities were reported in the questionnaire. Specifically, regular involvement in any sport (and if so which sport and duration of involvement), and for how many hours per week they were involved in any other activity were reported for each child. The frequency of strenuous exercise sessions per week was also reported. Strenuous exercise was defined as a session of moderate and=or intense exercise of at least 20 min=session (15 min=session for children younger than 10 y of age), which caused the child to sweat. 18 Special questions were addressed to weekly leisure-time activities. Specifically, they were asked about the time spent in homework=reading, prep schools, computer or video games and television watching. For television watching they were asked to report the time spent for each day of the week, which was then added up to weekly time.
Socio-economic status definition
Ideally the definition of socio-economic status (SES) is ascertained by the use of three criteria (that is education, occupation and employment status of the head of the household). The review of the collected questionnaires revealed that occupation and employment status were not precisely reported (that is some parents reported 'private employee' instead of 'manager', etc). We therefore used an alternative method that incorporated family income, household size and education of mother. Subjects were thus divided into five classes: 1 -4, (higher to lower), 5 being not classifiable (either some or all three criteria were not recorded).
Birth weight coding
The widely accepted classification for full term (that is gestational age 37 -41 weeks) neonates was used for birth weight coding. Thus, an infant with a birth weight of 2501 -4000 g was classified as appropriate for gestational age (AGA), an infant with a birth weight of less than 2501 g was classified as small for gestational age (SGA) whereas an infant with a birth weight greater than 4000 g was classified as large for gestational age (LGA).
Statistical analysis
The age (1 y interval for NHANES I definition and 6 month interval for IOTF definition) and sex-related prevalence of overweight and obese children were calculated using the previously mentioned cut-off points.
Logistic regression analysis was used to estimate odds ratio (ORs) for obesity (as defined by the IOTF definition) in children. Subjects were divided into two age groups (6 -11 y and 12 -17 y). All logistic regression analyses were adjusted for age and socio-economic class. All ORs with a P-value less than 0.05 were considered as statistically significant.
The prevalence of obese subjects was calculated in relation to parents' BMI group. The proportions were compared using a chi-square test.
Results
Two-thousand four-hundred and sixty-seven children, of whom 49.1% were male, were included in the study after the exclusion of subjects with diseases or treatments that are known to affect growth. The sociodemographic characteristics of the subjects are shown in Table 1 . Sixty-six percent of Childhood obesity in Cyprus SC Savva et al subjects were residents of urban areas, whereas 68.1% of the whole population lived in urban areas at the end of 1997. 19 The proportions of subjects in the five districts of Cyprus were also very close to the general population. Socio-economic status had a pyramid-like shape with class 1 at the top and class 4 at the base of the pyramid. Some 21.3% of children were classified as 'undefined' because necessary data were not reported in the questionnaire.
The estimated prevalence of obese fathers was more than double that of mothers (12.3 vs 5.8%). Although the prevalence of parental obesity was based on self-reported data, it is important to note that a significant proportion of fathers is classified as overweight (BMI lying between 25 and 30 kg=m 2 ). The age-and sex-specific prevalence of obese and overweight males are presented in Table 2 , and of females in Table 3 . Overall, the prevalence of obesity was 10.3% in males and 9.1% in females, using the NHANES I definition and 6.9 and 5.7%, respectively, using the IOTF definition, that is, obesity was underestimated using the newest IOTF definition. On the contrary the proportion of overweight subjects was higher for both sexes using the IOTF cut-offs. The sum of obese and overweight males was 27.2% using the NHANES I definition and 25.4% using the IOTF definition, whereas in females it was 22.2 and 22.7% respectively.
Generally the prevalence of obesity was pronouncedly underestimated with IOTF data in males aged 6 -13 and in females 6 -12, thereafter being identical or almost identical. Overweight subjects on the other hand were overestimated in almost all ages in both sexes using the IOTF definition. The prevalence of both obese and overweight subjects was higher using the NHANES I definition in ages 6 -13 in males and ages 6 -9 in females, whereas thereafter the prevalence was higher using the IOTF definition. Tables 4 and 5 present the results of multiple logistic regression analyses performed for the estimation of ORs of Childhood obesity in Cyprus SC Savva et al associated factors to obesity in males and females, respectively. As it is obvious from both tables the parental weight status is the most significant and constant predictor of offspring obesity in both sexes. In particular the OR for obesity when both parents were obese ranged from 11.34 (95% CI 1.83 -75.50) in females 6 to 11-y-old to 18.09 (95% CI 2.06 -158.81) for males 12 to 17-y-old. Nevertheless, there is a gradual increase in ORs in relation to combinations of parental weight status. Separate analyses for each parent's status revealed significant associations when the father or mother was obese in both sexes, except for mother's obesity in males 6 -11 y and father's obesity in females 12 to 17-y-old.
The fewer children in the household the higher the risk of obesity, although this proved statistically significant only in females aged 6 -11. Residence in urban areas increases the risk of obesity also in females aged 6 -11; OR ¼ 2.27 (95% CI 1.01 -5.10), whereas it decreases the risk in males 12 to 17-yold; OR ¼ 0.50 (95% CI 0.24 -0.99). Either parent being diabetic proved a significant predictor for obesity in males aged 6 to 11-y-old; OR ¼ 5.50 (1.05 -29.21).
Finally, the participation in sports decreased the risk of obesity in males 12 to 17-y-old, whereas the lack of regular strenuous exercise increased the risk of obesity in male subjects.
No significant association was found in girls in relation to exercise, whereas there was also no association in relation to sedentary activities nor to birth weight in full-term infants for both sexes.
Because of the significant results of logistic regression analyses with respect to parental weight status, we estimated the prevalence of obese subjects according to parents' BMI groups (Table 6 ). For both males and females the prevalence of obesity was 3 -5.5 times when a parent had a calculated BMI over 30 kg=m 2 than in parents with a BMI less than 25 kg=m 2 . Finally the subjects' BMI distribution in relation to age and fathers or mothers BMI group is presented in Figure  1 . There was a tendency for higher BMI values in offspring of obese fathers than overweight fathers, and offspring of overweight fathers have higher BMI values than normal-weight fathers across all ages. The same applies to offsprings of mothers with some exceptions in obese mothers (at the ages of 8 -11 in males, and 10 -13 in females). *P < 0.001; **P < 0.05; ***P < 0.01.
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Discussion
This is the first report on the prevalence of obesity in a representative sample of children and adolescents 6 to 17-yold in Cyprus. Overall, the prevalence of obesity is 10.3% in males and 9.1% in females using NHANES I data and 6.9 and 5.7%, respectively, using the newer IOTF cut-offs. Growth charts currently in use in Cyprus have traditionally been non-national, mainly of US and Greek origin. Only recently have national growth charts been constructed from the same sample as the present study, 20 but the main advantage of the charts was claimed to be the provision of baseline data for future comparisons. Thus both data sets, that is NHANES I data and IOTF cut-offs, were used in this study; the World Health Organization's (WHO) current recommendations suggest the use of NHANES I data, 21 whereas the newest IOTF cut-offs have been proposed as more representative for global use, although they have not been validated yet.
There was a clear underestimation of obesity using IOTF data (or overestimation using NHANES I data) in younger children, but an identical estimation in adolescent females (13 -17 y) and almost identical in adolescent males (14 -17 y). Similar observations have been reported by Kinra in British children aged 5 -14 y (the IOTF dataset compared to standard British dataset). 22 In females there was a decreasing *P < 0.001; **P < 0.05; ***P < 0.01. Childhood obesity in Cyprus SC Savva et al trend in obesity rates as age increases, but this trend was more pronounced when NHANES I data were used. Decreasing obesity rate in adolescence has also been reported in the United States, and this trend continued despite the gradual increase of obesity rates from 1976 onwards. 23 In males there was a less pronounced decreasing trend only with NHANES I data but not with IOTF data. An exception in this decreasing trend occured at the age of 10 in both sexes and with both definitions. There is no apparent explanation for this exception.
The overall sum of obese and overweight children was also almost identical in both sexes, but when each age group was separately examined, there was an overestimation in younger ages using NHANES I data, and overestimation in older ages using IOTF data. Similar trends have been reported by Wang and Wang, 24 concerning data from three large nationwide surveys. There was again a decreasing trend in the overall rates in females with both definitions with the exception, again, of age 10. However, there seemed to be an increasing trend with age in males with IOTF definition.
The estimated prevalence of obesity in this study as defined by the NHANES I data was close to the observed prevalence of obesity in the United States, where there was an overall prevalence of 10.6% of children 6 -17 y of age. 25 In Canada, the overall prevalence of obese males (13.5%) and females (11.8%) 3 7 -13 y of age was somewhat higher than that observed in Cypriot children (11.7 and 10.6%, respectively, for the same age group).
Compared with children 7 to 14-y-old in Germany, Cypriot children have higher prevalence of obese subjects except at ages 11 -14 y in girls. 26 The same applies in comparison with Cretan children (Greece), with Cypriot children having higher prevalence of obesity both in males and females aged 6, 9 and 12-y-old, 27 and also in comparison with Spanish children aged 6 -7 and 13 to 14-y-old. 28 It must be noted, however, that the criteria used in these studies 3,24 -28 for the definition of obesity were not similar to the ones used in this study.
One of the proposed advantages of the new IOTF definition of obesity and overweight is the provision of standard cut-offs for comparison of obesity and overweight prevalence rates internationally. 15 Although the cut-offs in the IOTF study have been criticized as arbitrarily defined, 22 it is clear that a definition of obesity and overweight rates based on Childhood obesity in Cyprus SC Savva et al standard cut-offs would be important for comparison reasons across different countries. The IOTF definition has been used in a recent study from Great Britain, 1 thus helping comparison with this new dataset. This comparison raises serious concern for the Cypriot population since the reported rates in this study are much higher than in English and Scottish children. Thus the rates of the sum of overweight plus obesity in Cypriot children is almost double in age groups 7 -8 and 9 -11 in both sexes in comparison with their British peers.
These increased rates of obesity of Cypriot children and adolescents raise much concern given the increased risk of persistence of obesity into adulthood, 29 and the numerous health hazards associated with it. 6 -9 The application of drastic population measures for the prevention and treatment of childhood obesity should be related to certain predisposing factors, and thus the identification of such factors is a critical challenge.
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The most important predisposing factor for obesity in the subjects of the present study proved to be obesity in both parents (that is having a BMI > 30 kg=m 2 -ORs 11.34 -18.09 depending on sex and age group). Separate analyses for each parent also revealed that, if either parent was obese (independently of the other parent's status), this predisposed their offspring to an increased risk of obesity. Father's obesity, though, proved more important for male offspring and mother's obesity for female offspring. These results, although impressive, were not unexpected. Many studies have shown a positive association between parental and childhood obesity. 29 -32 Various environmental factors have been implicated in the etiology of the increased prevalence of obesity, such as specific aspects of the home environment 33 and family lifestyle, 31 and sedentary activities and lack of physical activities. 34, 35 In the present study, however, there were no consistent associations of sedentary activities or of frequency of consumption of certain food items with childhood obesity (data not shown). Only the lack of strenuous exercise proved to be a significant predictor of obesity in males, whereas participation in sports is protective in the 12 -17 y age group in males. A possible explanation for the lack of relationship of food consumption and sedentary activities to obesity in this study might be the study type since cross-sectional studies are weak in such associations. 36 Even recently, a cross-sectional study indicated that energy intake was higher in non-overweight than in overweight children. 37 An interesting finding of the study is the increased risk of offspring obesity in diabetic parents. The ORs, however, proved statistically significant only in males in the 6 -11 y age group, which can probably be explained by the small number of diabetic parents. The concerns about the increase of frequency of type 2 diabetes in children and adolescents is well known. 38 Given that childhood obesity is a strong risk factor for diabetes, especially in high-risk populations, 39 and that family history of diabetes increases the risk of the metabolic consequences of obesity, 40 the findings of this study raise much concern about the possibility of increased prevalence of type 2 diabetes in the young in Cyprus. Residency in urban areas decreases the risk of obesity in the older age subgroup (12 -17 y) in males, whereas it increased the risk in the younger age group (6 -11 y) in females. These differences might reflect sociocultural differences that still exist in Cyprus; that is girls' activities are still restricted, especially in rural areas, whereas male adolescents are less restricted, especially in urban areas where they have more opportunities in sports participation or gym attendance. Evidence exists, however, that there are no significant differences among urban and rural living children in a study from Australia. 41 However, family's lower socioeconomic status was found to be an independent risk factor for childhood obesity. 33, 42 The present study, however, did not prove consistently any influence of the socioeconomic status on obesity risk.
This study did not identify any association of birth weight status to childhood and adolescent obesity. Birth weight was included in the analyses because of the association of low birth weight with cardiovascular disease in adult life. 43 Although low birth weight was identified as a risk factor for adult obesity, 44, 45 it seems that the postnatal weight gain is more important in determining the risk of childhood, 46 adolescent 47 and adult obesity. 48 
Conclusion
In conclusion, this study has shown that childhood and adolescent obesity in Cyprus, defined either by the old NHANES I data or the new IOTF definition is comparable and in certain instances greater than other developed countries. It is clear, and has also been reported by others, that IOTF data underestimate (or NHANES I data overestimate) the prevalence of obesity. It is suggested that both definitions are used until the issue is clarified as of which definition better predicts subjects with excess fat and associated complications. The study has shown that parental obesity is the most significant predictive factor for obesity both for males and females. The lack of consistent association of diet and physical activities with the prevalence of obesity (except for a protective role of regular and strenuous exercise in males) might be due to the nature of study (being cross-sectional). It is the authors' belief, however, based on information from the literature that an effort should be initiated addressing individual and population measures for the treatment and prevention of childhood obesity, otherwise long-term complications, such as diabetes mellitus, should be anticipitated in Cyprus as well. ministry of Finance for her valuable contribution. There was no outside funding.
